Arid and seasonally arid climates are typical of low and middle latitudes and include famous regions of Mediterranean climate in California, the Mediterranean basin, the Cape Region of South Africa, and southwestern Australia, in which there is a prolonged summer dry period. These Mediterranean-climate ecosystems are some of the most biologically diverse on Earth ( Cowling et al., 1996 ) and are recognized biodiversity hotspots ( Myers et al., 2000 ) . The origin and evolution of arid and Mediterranean lineages and ecosystems have long attracted great interest worldwide (e.g., Andrews, 1916 ; Axelrod, 1958 Axelrod, , 1975 Linder, 2003 ) . These themes have also been the focus of several recent reviews based on molecular phylogenetic evidence (e.g., Byrne et al., 2008 ; Ackerly, 2009 ; Verboom et al., 2009 ; Lancaster and Kay, 2013 ) , although pertinent fossil evidence is extremely limited. Nevertheless, there is broad agreement that in each of the extant Mediterranean-climate regions, some form of pronounced climatic seasonality involving extended dry periods dates to the Early Neogene, ~15-20 mya. Progressive global aridifi cation has been attributed to the combined effects of declining atmospheric CO 2 levels, the establishment of the Antarctic circumpolar current at the end of the Paleogene, and enhanced latitudinal temperature gradients (e.g., McGowran et al., 2000 ; Zachos et al., 2001 ; Miller et al., 2009 ) .
Banksia L.f. (Proteaceae) has special signifi cance for understanding the origins of scleromorphy and xeromorphy ( Hill, 1994 ( Hill, , 1998 and thus may help illuminate the origins of seasonally arid climates ( Jordan et al., 2008 ) . The genus is a conspicuous component of the extant Australian fl ora that is especially diverse in the Mediterranean-climate Southwest Australian Floristic Region (SWAFR: Hopper and Gioia, 2004 ) , and it and its close relatives (Tribe Banksieae) have an extensive leaf fossil record from across Australia and also in New Zealand ( Carpenter, 2012 , and references therein). The oldest Banksia leaf fossils so far known from the Late Paleocene of eastern Australia are scleromorphic but not xeromorphic in relation to extant species (i.e., they do not show "characters that are clearly involved in increasing the boundary layer and thus division between the headwaters of rejuvenated drainage systems feeding into the Indian Ocean to the west and relict paleodrainage systems, mostly defi ned by chains of swamps and playa lakes on the Yilgarn Craton, to the east-in southwestern Australia ( Wilde and Backhouse, 1977 ; Scriven et al., 1995 ; McLoughlin and Hill, 1996 ; McLoughlin and McNamara, 2001 ) . The sediments of the Kojonup Sandstone are strongly silicifi ed and are considered to have been formed from the deep weathering of Precambrian granitic rocks. Near Walebing, fi ne-grained sandstones occur that are interpreted to be autochthonous ( Stevens, 2002 ) , whereas in a few other locations (e.g., at Muradup near Kojonup) the sandstones show weak stratifi cation and inclusion of rounded pebbles that indicate limited fl uvial sediment transport. The Late Eocene age of the Kojonup Sandstone is based on the close resemblances of the fossil plants to those present in the Upper Eocene Pallinup Formation (formerly Pallinup Siltstone: Cockbain, 1968 ) , which was described in detail by Clarke et al. (2003) . The Pallinup Formation is a siliceous spongolite, and like the silicifi ed Kojonup Sandstone, records a period of intense mobilization and precipitation of silica. The specimens studied here were collected in the Walebing and Kojonup regions of southwestern Australia, which are ~370 km apart ( Fig. 1 ) .
Preparation of specimens and identifi cations -All specimens discussed here are housed at the Western Australian Museum (WAM). Some were briefl y discussed and illustrated by McLoughlin and Hill (1996 : fi g. 4.6) and McLoughlin and McNamara (2001 : publication cover and fi g. 14E ). Specimens were photographed using a Nikon (Tokyo, Japan) D5000 digital SLR camera. For some specimens, silicone casts were taken using Oranwash L c-silicone impression material (Zhermack Clinical, Badia Polesine [Rovigo] , Italy). Parts of some casts were mounted on scanning electron microscope (SEM) aluminum stubs, sputter coated with carbon and gold, then examined and photographed using a Philips (Eindhoven, the Netherlands) XL 30 Field Emission Gun SEM operated at 10 kV at the University of Adelaide. The SEM stubs with the silicone in slowing down water loss"; Hill, 1998 , p. 393) . Hill (1998) reasoned that the most convincing characters of this syndrome are individual stomatal protection, stomatal pits, and revolute leaf margins. Most Banksia species show varying degrees of either or both of the latter two traits, and in most species in Banksia subgenus Banksia (which includes Dryandra ) the pits (hereafter "crypts") are very deep and have constricted entrances, which are themselves enmeshed with trichomes ( Mast and Givnish, 2002 ; Mast and Thiele, 2007 ) .
Here, we report fossil foliage from silicifi ed sediments of the Upper Eocene Kojonup Sandstone of Western Australia. In particular, we make the novel observation that crypt, stomatal, and trichome-base details are preserved on some of the impression fossils. These features allow the specimens to be assigned to a new species that constitutes the oldest record of stomatal encryption in the genus Banksia , and, as far as we are aware, the oldest convincing record of xeromorphy in modern angiosperms. We discuss the signifi cance of the fossils in the context of seasonal climates in the Australian Eocene.
MATERIALS AND METHODS
Fossil sites and ages -Fossil plant material occurs as impressions in silicifi ed sandstone (silcrete) referred to the Kojonup Sandstone, which is found as scattered outcrops close to the Meckering Line ( Fig. 1 ) -a subtle topographic Fig. 1 . Map of southwestern Western Australia, showing fossiliferous silcrete locations, including those yielding the Banksia paleocrypta specimens; and sedimentary basins, paleodrainage channels, and paleodrainage divisions (after Hocking and Cockbain, 1990 ( Figs. 2, 4 , 5, 7 ), and <5 mm wide in those from the Kojonup region ( Figs. 3, 9 ). Longest leaves estimated as ~130 mm long. Leaf apex truncate ( Fig. 6 ) , base narrowing to a thickened petiole ( Fig. 5 ) . Venation not apparent on adaxial surface ( Fig. 7 ) , very prominent on abaxial surface, craspedodromous; one secondary vein per tooth, mostly arising at ~90 ° from the midvein ( Figs. 2-6 ), mostly lower angles in Kojonup specimens, and lower angles near the leaf apex in Walebing specimens ( Figs. 2, 6 ). Secondary and intersecondary veins uniformly spaced. Strong parallel intersecondary veins extend toward the tooth sinuses and fork before the sinuses to extend toward the adjacent secondary veins at tooth apices ( Fig. 2 ) . Parallel weaker intersecondary veins between each secondary and strong intersecondary vein, generally running approximately two thirds the distance to the leaf margin before typically diminishing and looping toward these veins ( Fig. 2 ) . Further weaker parallel veins locally arising from the midvein between the intersecondary veins ( Fig. 2 ) . Higher-order venation reticulate, forming a meshwork surrounding deeply depressed areoles or crypts ( Figs. 8-11 ). Teeth straight on apical and basal sides, sinuses angular, in some cases appearing rounded because of thickened, recurved margin ( Figs. 2-6 ). Stomata confi ned to abaxial surface within crypts ( Figs. 10, 11 ), mostly randomly aligned ( Fig. 11 ) , with an average of ~40 stomata per crypt. Raised regions over guard cells indicate stomatal lengths of ~24 μ m ( Fig. 11 ). Subsidiary cells also raised ( Fig. 11 ) . Thickened trichome bases common on abaxial surface, both along veins and within crypts ( Figs. 9, 11 ).
Remarks -All the leaf specimens from the apparently coeval Walebing-and Kojonup-region deposits are considered to belong to one species based on strongly similar features of thickness, venation, and teeth and the presence of deep pits or crypts that house identical stomata and trichome bases, and the fact that numerous other taxa co-occur in both regions, notably including Nothofagus plicata Scriven, McLoughlin & R. S. Hill ( Scriven et al., 1995 ) . Notwithstanding this, B. paleocrypta leaves from the Walebing region are larger than those from the Kojonup region and exhibit secondary veins that mostly arise at higher angles. The specimens in the collections from the Kojonup region are few and incomplete. This, combined with their small size (perhaps indicative of immature leaves), may refl ect a modest degree of transport before deposition, a conclusion consistent with the presence of rounded pebbles in the Kojonup sediments. By contrast, the fossils in the fi ne-grained Walebing sediments were probably derived from deep in situ weathering of crystalline bedrock ( Stevens, 2002 ) .
Banksia paleocrypta leaves were probably around 0.3-0.6 mm thick, based on estimates of crypt depths using stereomicroscopy for WAM P.11.1 and WAM P.89.32 (where the peels are currently housed at the University of Adelaide. Leaves of comparable extant Banksia species were examined at the Queensland Herbarium (BRI), and a leaf of B. burdettii Baker f. was selected from a herbarium sample (PERTH 1090798) held at the University of Adelaide for detailed study using SEM. An application of wood glue was applied to the abaxial surface of this leaf, allowed to dry, and peeled off to largely remove the cover of trichomes.
Placement of the fossils within Banksia follows Carpenter et al. (2010) , who recognized that because of the paraphyly of Banksia with respect to Dryandra ( Mast, 1998 ; Mast and Givnish, 2002 ; Mast et al., 2005 ) and the consequent synonymizing of the latter genus ( Mast and Thiele, 2007 ) , well-preserved fossils with evidence of apomorphies of Banksia should now be assigned to that genus and not to Banksieaephyllum , which was originally erected by Cookson and Duigan (1950) because of the impracticability of identifying leaf fossils with either Banksia or Dryandra .
The preservation of surface details on the fossils allowed some quantitative assessment of leaf scleromorphy and xeromorphy following the methods of Hassiotou et al. (2009) . Thus, stomatal crypt aperture areas, stomatal lengths, and interstomatal distances were estimated from scanning electron micrographs of silicone casts from two specimens using ImageJ software ( Abramoff et al., 2004 ) . Stomatal crypt depths were estimated from two other fossil specimens loaned from WAM at the University of Adelaide using a Leica (Leica Microsystems, Wetzlar, Germany) MZ16FA stereo microscope fi tted with a Leica IC 3D camera system and Leica Microscope Imaging software.
SYSTEMATICS AND RESULTS

Family -Proteaceae Juss.
Subfamily -Grevilleoideae Engl.
Genus -Banksia L.f. Etymology -In recognition of the fossil leaves having obvious stomatal crypts.
Species -
Holotype -WAM P.89.32 Western Australian Museum, Perth ( Fig. 2 ) , a specimen from the Walebing locality, Western Australia. Precise details of this locality are kept on fi le in the Department of Earth and Planetary Sciences at the WAM.
Additional specimens -Additional specimens include (all prefi xed WAM P.) 11.1 ( Fig. 10 ) epidermal conductance of the leaf through increasing the boundary layer (see Hill, 1998 ) .
However, some experimental and modeling evidence suggests that crypts and their trichomes in Banksia may not confer significant reductions in transpiration RothNebelsick et al., 2009 ). Rather, Hassiotou et al. (2009) proposed that the principal role of stomatal crypts in Banksia species is to facilitate CO 2 diffusion from the abaxial surface to inner palisade cells within these very thick, sclerophyllous leaves. Even without a strongly antitranspirant function, crypts probably confer a range of other advantages under xeric conditions, such as protection of stomata from dust-laden winds ( Haworth and McElwain, 2008 ; Hassiotou et al., 2009 ). Moreover, the higher humidity created within the crypts might create a buffer against a drier leaf exterior and allow the stomata to be open for longer than under external conditions, thus creating a competitive advantage for growth ( Roth-Nebelsick, 2007 ) . This is consistent with evidence that Mediterranean-type ecosystems have much higher productivities than has generally been accepted ( Flexas et al., 2014 ) . It has also long been known that vegetative growth in many Australian Mediterranean-climate species (including numerous Banksia species) actually occurs during the arid summer months ( Sargent, 1930 ; Specht and Rayson, 1957 ; Bell and Stephens, 1984 ) . This is obviously only possible if the stomata are open, and it is facilitated by the ability of Banksia species to synchronize fi ne root growth with aboveground growth, and with fl uctuating soil moisture levels ( Canham et al., 2012 ) . Deep-rooted species, in particular, are less prone to drought stress and do not markedly decrease stomatal conductances during the summer ( Veneklaas and Poot, 2003 ) . Similar results of relatively high photosynthetic capability during the dry season have been found for Nerium oleander L. (Apocynaceae) of the Mediterranean basin ( Meletiou-Christou and Rhizopoulou, 2012 ; Mott and Peak, 2013 ) , another classic example of leaves that show stomatal encryption ( Lösch et al., 1982 ) .
Although we do not dispute the fi ndings of Hassiotou et al. (2009) , we note that in Banksia and other Proteaceae, crypts and other structures that result in very deep encryption (i.e., crypt depth that is at least twice the diameter of the crypt opening) of the stomata are strongly associated with at least seasonally dry climates and have evolved in diverse lineages of the family ( Jordan et al., 2008 ) . Such crypts in Proteaceae therefore appear to be good evidence for adaptation to xeric environments ( Jordan et al., 2008 ) . Also, as has been noted by other researchers, the most extreme encryption in Banksia is, with few exceptions, limited to species of subgenus Banksia , which occur in more xeric habitats than those of subgenus Spathulatae ( Mast and Givnish, 2002 ; Jordan et al., 2008 ) . Further, in the SWAFR, some form of sunken stomata occurs in the vast majority of the 429 species from diverse lineages studied by Pate et al. (1984) , although, to distance from the top of secondary veins to the bottom of crypts was as much as 460 μ m), and comparison with a range of extant Banksia species with similar crypts. This implies a fossil leaf lamina thickness that is probably greater than that of extant species with superfi cial stomata (see Hassiotou et al., 2009 ). In the best-preserved impression specimens, stomata are visible on the domes that represent silica infi llings of the crypts on the original leaf ( Fig. 10 ) , and silicone peels from such specimens reveal surface details of these stomata, together with thickened protuberances both within the crypts and on surrounding veins ( Figs. 9, 11 ) that are readily interpretable as Banksia -type cylindrical trichome bases ( Cookson and Duigan, 1950 ) .
Among extant species with encrypted stomata, B. paleocrypta is especially similar to two closely related species of subgenus Banksia from the SWAFR, B. menziesii R. Br. and B. burdettii ( Figs. 12-14 ) . In particular, these species show close parallel lateral veins that are typically placed at almost 90 ° to the midrib ( George, 1999 ) , whereas the veins of other similar extant species arise at lower angles and have more apically directed teeth. Deeply encrypted stomata also occur in only one small clade within subgenus Spathulatae comprising B. quercifolia R. Br. and B. oreophila A. S. George ( Thiele and Ladiges, 1996 ) . Both these species occur in the SWAFR, but neither has leaves that are serrately toothed as regularly as in the fossils.
Banksia paleocrypta specimens WAM P.88.43 and WAM P.81.27.(1) had mean stomatal lengths of 23.6 μ m ( n = 12, SD 1.8) and 25.3 μ m ( n = 10, SD 2.2), respectively, and interstomatal distances of 37.6 μ m ( n = 7, SD 3.7) or 1.6 stomatal lengths and 35.8 μ m ( n = 6, SD 6.5) or 1.4 stomatal lengths respectively. Stomatal lengths are consistent with those of extant Banksia , a genus which evidently has highly conserved stomatal size ( Jordan et al., 1998 ; Hassiotou et al., 2009 ). However, the interstomatal distances are higher than in the six extant Western Australian species with encrypted stomata studied by Hassiotou et al. (2009) , where they ranged from approximately 8 to 30 µm.
Crypts with very narrow apertures are found among many Banksia species ( Hill, 1994 ; Jordan et al., 2008 ) , although the areas of these apertures are variable among species-for instance, in the range of 0.003-0.034 mm 2 across the 10 SWAFR species studied by Hassiotou et al. (2009) . In B. paleocrypta [WAM P.81.27 . (1)], mean crypt area was 0.04 mm 2 ( n = 22, SD = 0.009). In B. burdettii , mean crypt area was 0.027 mm 2 ( n = 9, SD = 0.009).
DISCUSSION
The role of stomatal encryption and trichomes -Given their occurrence in seasonally arid environments, the primary evolutionary advantage of stomatal crypts has traditionally been considered to be reducing transpirational water loss by decreasing the regions ( McLoughlin and Hill, 1996 ; McLoughlin and McNamara, 2001 ) does not have a mesic physiognomic signature. Thus, broad-leafed angiosperms, such as members of the Lauraceae, are rare or absent from the sites, whereas they are common in virtually all Australian Paleogene fossil sites considered to represent mesic conditions (e.g., Greenwood et al., 2003 ; Carpenter et al., 2004 ) . Rather than the broad, ovate leaves that are typical of wet, closed forests, leaves from the Western Australian Eocene silcretes are generally small and narrow. Equivalent modern forms tend to be found in seasonal and more open vegetation with some water stress (for a recent discussion, see Carpenter et al., 2011 ) .
Apart from the Banksia species of the silcretes, Nothofagus plicata ( Scriven et al., 1995 ) may be regarded as a deciduous species of a seasonal climate, given that the extant species that is morphologically closest to N. plicata , N. alessandrii Espinosa, is found in a seasonally dry climate in Chile ( Chilefl ora, 2012 ). The ecological ranges of several other Walebing and Kojonup taxa are equivocal, but Araucariaceae, Dacrycarpus , Dacrydium , and Phyllocladus appear to have persisted well into the Pliocene in southwestern Australia ( Bint, 1981 ; Dodson and Macphail, 2004 ) , which suggests that these plants were able to grow in seasonally dry climates, and certainly well after aridity became prevalent across most of Australia in the Miocene ( Kershaw et al., 1994 ; Martin, 2006 ; Byrne et al., 2008 ) . The extinctions of these conifers may, therefore, be the result of both increasing aridity ( Brodribb and Hill, 1998 ) and increasing fi re frequencies. Gleichenia foliage has also been recognized in the Kojonup collections (WAM P.87.201) but, as for the conifers that are now extinct in Western Australia, this fern may have grown in damp, perhaps spring-fed habitats within drainage systems, not necessarily in a mesic climate.
Silcrete formation is widely considered to refl ect strongly fl uctuating water tables, as would be found in a highly seasonal climate (e.g., Van de Graaff, 1983 ; Butt, 1985 ; Thiry, 1989 ; Thiry and Milnes, 1991 ; Ullyott et al., 1998 ; Thiry et al., 2006 ) . The Late Eocene in Western Australia appears to have been a period of intense weathering and dissolution of silica into the groundwater, refl ected not only in the formation of silcretes, but also in the formation of the extensive siliceous spongolite deposits of the Upper Eocene Pallinup Formation, as large amounts of silica-enriched groundwater entered estuaries and embayments off the southern coast of Western Australia ( Gammon and James, 2003 ) . Moreover, the Middle to Late Eocene was an interval of greatly increased silica accumulation in the oceans in general-a feature that McGowran (1989) linked to extension of deep weathering to high latitudes and accumulation of the released silica in a sluggish ocean, followed by sharp cooling that stimulated oceanic upwelling and biosilicifi cation.
It has been demonstrated that higher plants and microorganisms play an important role in pedogenetic processes Pate, 2006a , b , 2013 ) , including the formation of some silcretes. However, the very widespread, Australia-wide nature of silcretization during the Late Eocene suggests that although in many instances microbial associations with plant roots may well have played a role in enhancing silcrete formation, climate control in the form of extreme seasonality was paramount in the timing of formation of such widespread deposits.
On land, the strongly silicifi ed plant-fossil-rich sandstones of the Kojonup Sandstone, particularly those pedogenic silcretes occurring at Walebing ( Stevens, 2002 ) , formed from the severe weathering of Precambrian granitic rocks that was taking place in the Eocene. Butt (1985) pointed out that weathering of granitic our knowledge, only Banksia species in this region have balloonlike crypts. Tightly recurved leaves with hair-fi lled grooves may be considered analogous to crypts, and these occur in other SWAFR Proteaceae, especially in Grevillea ( Jordan et al., 2008 ) , and in a range of taxa from other families ( Pate et al., 1984 ) .
Although deep stomatal encryption is strongly associated with seasonally xeric climates, abundant trichome cover on the abaxial leaf surface is not. In Proteaceae, trichome-covered surfaces occur in many wet-forest species ( Carpenter, 1994 ; Hill, 1998 ; Jordan et al., 2008 ) , and relatively few SWAFR species have layers of trichomes covering the leaf surface ( Pate et al., 1984 ) .
Finally, encryption of stomata in deep abaxial trichome-fi lled grooves or chambers occurred in various extinct plant groups (e.g., noeggerathiopsid and rufl oriacean cordaitaleans, Dicranophyllales, williamsoniacean Bennettitales and high-latitude cheirolepidacean conifers) that characterized humid and even peat-forming environments in the late Paleozoic and Mesozoic (e.g., Meyen, 1963 ; Alvin, 1982 ; Meyen and Smoller, 1986 ; McLoughlin and Drinnan, 1996 ; Villar de Seoane, 2001 ; Gordenko and Broushkin, 2010 ; Tosolini et al., 2014 ) . Although clearly not subject to genuinely arid climates, these plants may have experienced high levels of water stress due to growth in areas of sustained winds or on acidic or low-nutrient substrates, especially under locally seasonal climates ( Haworth and McElwain, 2008 ; Pott et al., 2008 ; Pott and McLoughlin, 2009 ).
Does xeromorphy in B. paleocrypta imply a seasonally dry climate in the Eocene? -From the above discussion, it can be concluded that stomatal crypts are evidence of climates that experienced seasonal water stress, but that only fossils with very deeply encrypted stomata might indicate past climates that are similar to modern, seasonally xeric climates of southwestern Australia.
Evidence with which to evaluate the quantitative degree of xeromorphy and sclerophylly of the fossils is limited. However, interstomatal distances are greater than in the extant Banksia species with the highest leaf mass per area (LMA: a wellestablished indicator of sclerophylly). Hassiotou et al. (2009) showed that this distance was negatively correlated with LMA in their six study species of Banksia . Therefore, B. paleocrypta was probably less sclerophyllous than these species, although it was undoubtedly more sclerophyllous than many other extant Banksia species, including most species of subgenus Spathulatae . Our measurements further suggest that crypt depths were probably within the range of extant species of subgenus Banksia , but that apertures in B. paleocrypta are broader than those of the extant Western Australian species that were measured by Hassiotou et al. (2009) . Therefore, the crypts of the fossils are not deep ( sensu Jordan et al., 2008) and cannot be considered to indicate a Late Eocene climate in southwestern Australia that was similar to today's climate.
For there to be strong evidence that the crypts in B. paleocrypta were associated with dry climates, there should not only be evidence of deep encryption, but also independent evidence of xeric climates provided by, for instance, the presence of xeromorphic traits in associated taxa, and sedimentological and geochemical evidence (see Haworth and McElwain, 2008 ) . We contend, as follows, that there is independent support for climatic seasonality in the Late Eocene of southwestern Australia but that, overall, the climate was less severe than that of today.
Arguments for climatic seasonality -Although we have not compiled quantitative evidence, the assemblage of fossil taxa preserved with B. paleocrypta in the Walebing and Kojonup highly nutrient-defi cient soils, with particularly low levels of phosphorus availability as a driver of the evolution of scleromorphy (e.g., Lambers et al., 2012 ) . These old, climatically buffered, infertile landscapes (OCBILs: Hopper, 2009 ) have plants with extremely low levels of leaf N and P, and high leaf mass per unit area (LMA). In fact, LMA values of SWAFR plants are the highest of any region on Earth ( Wright et al., 2004 ; Lambers et al., 2010 ) , the levels of leaf P are 4-fold lower than global average values ( Lambers et al., 2010 ) , and Proteaceae are unique in the SWAFR in having leaves that are held on the plant for ≥ 4 yr ( Pate et al., 1984 ). An increasing understanding of proteaceous lineages in the SWAFR also points to remarkably complex physiological ways to deal with low P (e.g., Sulpice et al., 2014 ) , and it seems reasonable that these traits are of ancient origin.
At the time of deposition of the B. paleocrypta fossils in the Eocene, southwestern Australian was at ~55 ° S and would have experienced relatively dark winters, although conditions would have been substantially warmer than in equivalent modern southern latitudes ( Kemp, 1978 ) . From a carbon-balance perspective, the possession of evergreen leaves at high latitudes is an alternative strategy to deciduousness for a plant to survive the dark season of low production ( Read and Francis, 1992 ; Royer et al., 2005 ) , and scleromorphic, long-leaved leaves would have been especially important for carbon retention in environments of low edaphic fertility.
Although severely limited by the paucity of well-dated macrofossil assemblages in southwestern Australia, a further argument against the presence of severe dry seasons in the Late Eocene of the region is that there is abundant evidence of rainforest elements in a Middle Eocene-Oligocene macrofl ora from West Dale ( Hill and Merrifi eld, 1993 ) , not far from where the silcrete fossils described here were recovered. Banksialike leaves also occur at this site, but they are rare, and none shows evidence of xeromorphy. Wet forest vegetation is also likely to have been widespread in the late Middle to Late Eocene at sites facing the Great Australian Bight east of the SWAFR ( Carpenter and Pole, 1995 ) , characterized by complex paleodrainage systems ( Clarke et al., 2003 ) , which do not appear to have ceased regular fl ows until perhaps the mid-Miocene ( van de Graaff et al., 1977 ; Martin, 2006 ) . Farther afi eld, diverse Banksia leaves lacking obvious xeromorphic features co-occur with presumably drought-sensitive taxa at several other fossil sites in Australia ( Carpenter and Jordan, 1997 ; Carpenter et al., 2011 ) , reinforcing the notion that many past Banksia species characterized much more mesic vegetation types than at present.
Hypothetical scenario for evolution of B. paleocrypta -Molecular phylogenetic evidence suggests that the basal split between the two extant subgenera of Banksia occurred >40 mya, in the Middle Eocene, and it is highly probable that the two subgenera have been in southwestern Australia for most, if not all, of this time ( Mast and Givnish, 2002 ; Cardillo and Pratt, 2013 ) . However, although Banksia infructescences (or "cones") of Middle or Late Eocene age have been found in the region ( McNamara and Scott, 1983 ) , as well as the Late Eocene leaves described here and by McLoughlin and Hill (1996) and McLoughlin and McNamara (2001) , on present evidence neither the cones nor the leaves show apomorphies that would allow them to be placed in either of the subgenera with confi dence. Deeply encrypted stomata were reconstructed as having evolved rocks in southwestern Australia resulted in an upper profi le of sand-saprolite and a lower horizon of kaolinite. These layers formed under acidic conditions, and the deep weathering zones and constant fl ow-through of water containing dissolved silica implies a warm, humid climate. The development of a thick kaolinitic (as opposed to illitic/smectitic) B horizon is particularly indicative of soil development in warm and humid climates ( Thiry, 2000 ) . Silcretes formed close to the top of the weathered profi le, implying periods of high water table, which was possibly perched on the saprolite. However, to obtain suffi ciently high concentrations of silicic acid to enable subsequent precipitation of silica, a signifi cant reduction in the groundwater fl ow, brought on by an increase in the amount of evaporation, would have been required. Such conditions would come about from a change to either generally drier or more markedly seasonal climates.
A model of seasonality from periods of dissolution when warm and humid to alternative periods of silica mineralization during periods of drought, but still with high temperatures to induce evaporation, has been suggested for silcretes elsewhere in Western Australia, in the Carnarvon and Offi cer basins ( Van de Graaff, 1983 ) . Evidence of evaporation leading to mineralization is shown by deposition of quartz cement on the upper surfaces of clasts, suggesting vertical movement of solutions. Recent climate modeling by Warnaar et al. (2009) also identifi ed the likelihood of Eocene climatic seasonality in southern Australia, where summer low-pressure cells were associated with increased wind strengths and precipitation, and winter high-pressure cells with decreased precipitation.
Seasonality, but not severe climatic aridity -Although we infer a seasonal climate in the Late Eocene of southwestern Australia, the climate is unlikely to have been similar to that at present, where summer temperatures are regularly in excess of 40 ° C, rainfall may be nonexistent for several months, and humidity is extremely low ( Commonwealth of Australia, Bureau of Meteorology, 2014 ) . Little evidence of xeromorphy occurs among the fossil leaves that are associated with Banksia paleocrypta . With the possible exception of Banksieaeformis sp. D (UWA118259B; see McLoughlin and Hill, 1996: fi g. 4.4; McLoughlin and McNamara, 2001 : fi g. 14A), none of the ≥ 5 other evidently sclerophyllous taxa of the silcrete Banksia and Grevillea -like leaves (see McLoughlin and Hill, 1996 ; McLoughlin and McNamara, 2001 ) shows evidence of stomatal crypts, either in hand specimen or under scanning electron microscopy of silicone peels. As has been discussed, other fossil taxa that are associated with B. paleocrypta also suggest the presence of more mesic local vegetation than presently occurs in southwestern Australia, although this vegetation was probably not a form of closed forest.
The nonrainforest physiognomic signature of the fossil leaves is not a reliable indicator of extreme seasonality. Rather, this signature could be an expression more of extreme nutrient limitation than of climatic factors, and there is no reason to expect that nutrient availability was signifi cantly higher in the Eocene. Indeed, the generally wetter climates at the time would have resulted in greater leaching. One obvious consequence of this is that the leaves of plants from edaphically impoverished regions have probably always been relatively small, regardless of rainfall (e.g., Beadle, 1966 ; Johnson and Briggs, 1975 ; Turner, 1994 ) . Many authors have highlighted the importance of the ancient, geologically stable nature of the SWAFR and its highly dissected, with stomata restricted to grooves on each side of the midvein, the margins are only slightly revolute, the cuticle is very thin, the stomata are not sunken, and the regional climate at the time of deposition was relatively damp and equable ( Serlin, 1982 ) . Moreover, subsequent authors have questioned whether Tenuiloba has angiospermous affi nities ( Upchurch et al., 1994 ) , and the relationships of the other taxa to extant lineages are at best obscure.
Whatever the main driver of the evolution of encryption in angiosperms, B. paleocrypta shows this feature >20 Ma before the widely accepted timing for the Miocene onset of aridity in Australia ( Byrne et al., 2008 ) , and before the records of other Banksia species with encrypted stomata from Oligo-Miocene lignites of southeastern Australia ( Cookson and Duigan, 1950 ) .
Conclusion -Banksia paleocrypta is a new Late Eocene species found in southwestern Australia, the center of diversity of the genus and the extant home of species with remarkably similar foliage. The fossils are the oldest to show stomatal encryption, a trait that has widely been described as xeromorphic, well before climatic aridity is asserted to have expanded globally in the Neogene. Sclerophylly and stomatal encryption in B. paleocrypta evolved in a region of extreme edaphic infertility, in a warm climate and under conditions that promoted a fl uctuating water table, probably as a result of increasingly seasonal rainfall. Increasing Neogene aridity led to the evolution of greater xeromorphy in Banksia in the form of deeper crypts with narrower apertures, but these more extreme climates eventually contributed to the extinctions of numerous, less welladapted mesic lineages in southwestern Australia.
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in the most recent common ancestor of subgenus Banksia by Mast and Givnish (2002) . However, Mast and Thiele (2007) did not recognize any foliar synapomorphies in their new treatment of the genus, and as discussed above, encrypted stomata do occur in subgenus Spathulatae . Therefore, although we have demonstrated that B. paleocrypta is closely similar to leaves of several extant species of subgenus Banksia , we do not formally assign our species to the crown group. Interestingly, the two closely related extant species ( B. burdettii and B. menziesii ) to which B. paleocrypta is most similar occur near where the fossils were found ( Fig. 1 ), but this clade has an estimated age of only ~2 Ma ( Cardillo and Pratt, 2013 ) . Accepting this estimate suggests repeated evolution of similar foliar forms of Banksia in the same region, perhaps in response to similar selective pressures.
Banksia paleocrypta probably occupied an extremely infertile, perhaps sunny niche within local, mostly sclerophyll vegetation formed on quartzose sand. Intermittent water defi cits that represented the beginnings of a seasonally dry climate in the region were experienced. There appears little doubt that the early evolution in Banksia of scleromorphic leaves with small areolar regions (see Carpenter, 1994 ; Mast and Givnish, 2002 ) was instrumental in allowing increasing xeromorphy that included progressively smaller crypt apertures as the Australian climate became increasingly arid during the Neogene. An alternative strategy in thick-leaved Proteaceae of open habitats that also more readily allows diffusion to mesophyll layers is amphistomaty ( Brodribb et al., 2013 ) , a trait that occurs in nearly all of the ~250 species of subfamilies Proteoideae and Persoonioideae in the SWAFR and Proteoiodeae in the Cape Region (South Africa), and that probably also has ancient origins ( Carpenter, 2012 ; Jordan et al., 2014 ) .
Earliest convincing evidence of xeromorphy among modern angiosperm lineages -It has been argued that modern Mediterranean-climate lineages of the Mediterranean basin and the Californian chaparral had origins in more mesic Paleogene vegetation, which contained species with leaf traits that preadapted them to seasonally dry climates ( Axelrod, 1958 ( Axelrod, , 1975 . However, this hypothesis is not supported by recent phylogenetic evidence (e.g., Vargas et al., 2014 ) , and fossil leaf impressions, such as those used by Axelrod, typically cannot show evidence of xeromorphy in the absence of micromorphology, even if these leaf fossils closely resemble leaves of extant species of drier vegetation types. Indeed, as far as we are aware, there are no convincing previous records of Paleogene or older xeromorphic fossil leaves among Mediterranean-climate lineages. It is also possible that the Western Australian Banksia fossils described here are the best and oldest evidence of xeromorphy in angiosperms.
Although there is an emerging understanding that Cretaceous angiosperms were generally xerophobic ( Feild et al., 2009 ) and had leaves of low mass per area ( Royer et al., 2010 ) , it should be recognized that the fossil record is strongly biased to plants of wet habitats and probably wet climates. Also, there are several records of early angiosperm taxa that show features that are at least suggestive of xeromorphy. These taxa include Sapindopsis lebanensis Krassilov & Maslova from the mid-Cenomanian of Lebanon ( Krassilov and Bacchia, 2000 ) and Tenuiloba canalis Serlin from the Early Cretaceous of central Texas ( Serlin, 1982 ) . However, as far as we are aware, none of these taxa has stomatal crypts, and although Tenuiloba leaves are
